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The results
several volumes.
Volume I
Volume II
Volume III
Volume IV
Volume V
Volume VI

REPORT ORGANIZATION

VOYAGER PHASE B FINAL REPORT

of the Phase B Voyager Flight Capsule study are organized into
These are:

Summary

Capsule Bus System

Surface Laboratory System

Entry Science Package

System Interfaces

Implementation

This volume, Volume II, describes the McDonnell Douglas preferred design for

the Capsule Bus

System. It is arranged in 5 parts, A through E, and bound in

11 separate documents, as noted below.

Part A

Part B

Part C

Part D

Part E

Preferred Design Concept 2 documents, Parts A; and Aj
Alternatives, Analyses, Selection 5 documents, Parts By,

By, By, B, and Bs
Subsystem Functional Descriptions 2 documents, Parts Cjp

and C

2
Operational Support Equipment 1 document
Reliability 1 document

In order to assist the reader in finding specific material relating to the

Capsule Bus System, Figure 1 cross indexes broadly selected subject matter, at

the system and subsystem level, through all volumes.
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PART E

RELIABILITY

A summary of Engineering Reliability studies and results are contained herein.
Significant attention was given to: 1) satisfying the constraints, 2) failure mode,
effect and criticality analyses, 3) quantitative reliability estimates, 4) relia-
bility program requirements and 5) component part reliability.

Reliability has been a key discipline in the VOYAGER system design for the de-
velopment, integration, and selection processes of our preferred concept. '"First
time success" and capability for degraded mode operation were the key objectives
that guided the reliability analyses. Each design concept was examined in detail
to determine its contribution toward achieving these objectives. This was accomp-
lished by utilizing four analytical and modeling techniques.

a) Failure Mode, Effect, and Criticality Analyses

b) Reliability-Weight-Effectiveness Analyses

c) Mission Effectiveness Model

d) Conceptual tradeoff studies

The most significant of these used by engineering reliability was the single-
point failure modes, failure effects, and failure criticality analyses. With this
technique, critical or potential single-point failure modes were identified early
for the various engineering concepts. These analyses indicated the need for speci-
fic redundancies, so that no potential single failure mode could have a catastro-
phic effect on the mission, and to assure at least a degraded mode of operation.

The selection of the specific type of redundancy (functional, multi-channel,
or block) was guided by the failure criticality of the mission event or equipment
function. Incorporation of specific redundancies was influenced by the availability
of a prime resource -- weight. The reliability-weight-effectiveness analyses re-
sulted in the incorporation of redundancy in the most effective manner to meet the
specific mission objectives. The probability of success for our Capsule Bus pre-
ferred concept is estimated at 0.830.

Recognition of equipment sensitivity to long-life storage (in transit) environ-
ment was taken into consideration in our design. Suggested design concepts were
evaluated to assure their compatibility with the environments of decontamination,
sterilization, and postulated Mars atmosphere and surface properties.

The study revealed that the following reliability program elements must receive

increased major attention throughout the program:
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a)
b)
c)
d)

Detail failure mode, effect, and criticality analyses
Specially planned parts and materials program
Positive failure evaluation and corrective action

Comprehensive design reviews
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mitters of the Capsule Bus radio subsystem allows partial transmission and retrieval
of Capsule Bus data. Specific design details are discussed within the functional

descriptions of each subsystem.
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SECTION 2

FAILURE MODE EFFECTS AND CRITICALITY ANALYSIS (FMECA)

Continual engineering reliability analyses were used in identifying and eval-
uating the failure modes and failure effects of the candidate concepts. Evaluation
of the failure mode criticality led to redundancy considerations. These analyses
identified the potential single point failure modes. The analyses also provided many
design redundancy considerations which are tabulated in Figure 2-1.

2.1 FMECA METHOD - The method of performing the FMECA was to first identify the
mission objectives:

a. Achievement of Flight Capsule landing

b. Performance of Entry Science experiments

c. Performance of Landed Science experiments

d. Measurement and transmission of engineering data
After identification of the mission objectives, the candidate concepts were eval-
uated by:

a. TIdentifying the major component or function

b. Identifying their failure modes

C. Classifying the effects of the failure modes
The depth of the analysis was confined to the detail of the design. In most cases
design detail was available down to the component or function level. Figure 2.1-1
is a FMECA performed on the Capsule Bus sequencer and timer and is representative
of the methodology used for all the subsystems. Other major subsystem FMECA's are
presented within the subsystem functional descriptions, reference Part C of Volume
II. The numbers in the failure category column classify the effects as:

(1) No effect on the mission objective.

(2) Degrading effect on mission objective.

(3) Possible catastrophic effect on mission objective.

Classifications 3-2, 2-1, 3-1, etc., indicate the limits over which the failure
effect may vary, depending on the degree of failure or the time of occurrence in the
mission.

2.2 FMECA RESULTS - Several failure modes, identified by the subsystem

FMECA's, had significant effects on the achievement of the mission objectives.
These modes are tabulated in the failure mode, effects, and criticality summary,

Figure 2.2-1, along with the recommended solutions.
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Figure 2.1-1(Continued)
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Figure 2.2-1(Continued)

2-8 -

e 31 AUGUST 1967

MCDONNELL ASTRONAUTICS

e PART E

REPORT F694 ¢ VOLUME II



futy O_vch dS3 uo Djop 0>00_;m::

QU] ©1pD1 4G UO DIDP BADI| 43|

v_c__ O_TOL n_wm uo O«DT ®>00_L0*C_

SJ18A)3394 tuOTCDTmm Ov_>0‘_&

AUI| OIPDJ 4G UO D4DP SAD|434U|
13441 WSUDJ} JUDPUNP3I 3pIACIY

.m‘_0>_‘_mu I.Utgm 1:0 mOLU:ZW

UuDT hcomvcn*uwu @A1400 UT_>O._&

‘Bulyo}ims 19ADB}IB)

-Ul JUDPUNP3J 3A14D S3143s aplAcld

A4t

O_TOL &mm uo U*UT w_DmQUU 0>00_‘_0«C_

qut| O:uUL dS3 Yi4im DJOP 0>DO_L0A—C_

'S3YD}IMS I3ADD[IB U

*COTEDTw\_ 9A14OD S3119s dplAOI4

pUDWWOD Y4i0d Aq payoiims aq o}
1apoous juppunpal >£1:Em aplaold

'SABALIP YD4IMS UCU SaYDdiims

D4DP $UDDUNPAI 3AL4ID SBLIS IPIACIY

*sjusuodwod 41nou1s bul

-1DYs _UUO_ uCUTCD?O‘_ dAl}4OD Omv_>0._&

s|04sA1d Jojpiauab 3o0|> pajosuadwod
ainjpiadway {UDpuUnpal apIAOId

dUOw*w ainj| _Dm

wnwluw 10} sux142uny jou4uod puo Bul
-ouanbas o U0 14DZ1[DIJUIIBP BPIAOIY
‘PUDWWOD YyiDd xn Payo4ims 3q 04
19pooua juppunpal AQpuss aplAold

SJOALIP YD}IMS PUD SSYDJIMS DIDP
JUDPUNPAL 3AI4DOD SO112S IPIACIH @

19j0A Ajliolow yiim s 1aptalp

. >u:o:vo¢ tuppunpai ajdiuy apiroid @

tatmaar Lirialrmin 111144 e IAtAATAR

Butpuo|
0} uoljpindag

Ajug
Buipuo| oy Aiug

Buipup| o4 Asug

Buipun| ybno.y,
asini> Aipjaun|diajuy

Buipup)
ybnouyy uoiyoiodag

jusdsa(] puo Aipu3

9s1n15 Aipjaup|diayug
Buipuo|

ybnouys uoyniadag
Buipuo|

ybnouy} uoijoindag

Butpup)

ybnouyy uo 1yosodag
Buipuo| ybnouy
9s1n1> Aipgaup|diaju|

mc__u:o_ ;m:o:.:
astn1> Aojaup|diayu|

Buipuo}
ybnoay} uoijoindag

Rilirmiiml

ojop
Butigsuibua jo sso7
snoxop|q Butinp ojop
Buisaauibua jo ssoq
ojop Bul

-199u1bug ggo 4o ss07]
ojop Bul

-199u1buy ¢go) 4o ssoT

ojop
a|nsdod 4ybi |4 jo sso)

Djop
Bui saau1bus jo ss07

D4DP 4NO
%20|q §0 $50O| 8|qIssoy

asoyd asinid
snoybnouyy Buriojtuow
SN40}S ‘_mﬁcwo jo sso7
aAlpiadoul §1 pjop

Buriaauibua ||p jo ss07

aalpiadour 4t piop
Buiisauibua ||p jo 5507

aaljpiadoul jI pjop
Buisasuibus ||p jo s507
aAljpiadour 41 pyop
Bui sasuibua j|p jo ss07]

ojop Bul
-1aaulbua jo ssO| [Dl4iDg

uo4>uny |OUOD
puo Buiwyy suryue
j0 2in|ipy 9|qpQOI4

Tekatalsn)

spow >>pgAp|d o
p40324 ul 3Aaljoiadou
jndyno snoauoculs

10 aatjosadouy)
Ajintiisuas

100d Jo aaijpiadou|

jndyno
1amod ou Jo wwvo‘_mwa

si0113 2160
Buiiaajs 10 aaljpiadouy|

Bu
-X1W pjop 40 4ndyno oN

Buixiw
pjop 40 4ndyno oN
sioud Jiq |oybip

10 19pODUS 9A1}DI3GOU|
‘S [2UuDYyd D}DP |PNPIAIP
-ut Jo ‘dnosbgns ‘dnoib
J0jpyNWwod aalpiadou|

ndyno
papoibap 10 aatypiadou|

3|qpisun 10 dA 1jpiadou|

|©44u0d pup
Buibusnbas jo sso|
_o_toa 10 aalypiadou

siol18 }1q
|o4161p J0 aalypiadou|
aAlypiadoul {auupyd

D4Op {DNPIAIPUI

10 ‘dnoibqns ‘dnoig

SpIAtp ©4 S|1D4

sbouoyg ado) pajunow ) g
aboioig Apjag

. SEYNEREN

o1poy JHMN PR4UNOW J §
JBIWSUDI | JHMN 4Dy MmO

J1un uongruysi(g
0i0Q PAIUNON J/S

19AD3|J84U| DID(] WmU

19aps4a4u 00 1 LY

1apodu3j puo
10jD}NWWoT) 851N Jaidopy

Ajddng 1amog Aiyawa|a |
1040 13U 320D
sswwoiboiy

Japooug Aowiig

VCO ._o_ooucm mm_DLU

10j0}NWwWoY) Aibwiiy
puD JojpinWwo"y asinIy

SUOIIDDIUNWWOD3|3 |

ssapiaiq Aduanbai 4

R-&-2




2.3 REDUNDANCY - Redundancy was necessary to meet the criterion that no potential
single failure mode shall cause a catastrophic effect on the mission, and also to
assure a high level of success in achieving the mission objectives. An initial
prime requirement for the Flight Capsule design was to find an optimum breakdown,
arrangement, or interlacing of subsystems. By such means it was desired to have a
number of subsystems provide backup to other subsystems to achieve functional redun-
dancy. Such benefit, although in degraded mode, is accomplished without the expense
of added weight. This approach is not based on equipment duplication but rather
upon being able to accomplish the function in an alternate manner. As a result,
functional redundancy is our preferred approach, wherever practical. Three types

of redundancies were considered and criteria for effective allocation of these
redundancies was developed.

2.3.1 Types of Redundancies - Three redundancy schemes were studied and utilized in

the system design. Each type of redundancy has its particular advantages. The
decision to use one or another required careful consideration of the particular
application and its possible consequences.

a. Alternate Path or Functional Redundancy Method - This redundancy is char-

acterized by providing two or more physically different but functionally
identical methods to accomplish a function. The prime objective in employ-
ing this method is to provide at least two separate and independent paths
by which critical operations may be performed. This type is the preferred
choice because it offers greater protection against generic failure modes
and unknown environmental stresses. It can be designed into the system

at relatively low penalties in terms of weight, volume, power, and system
complexity,

b. Cooperative Multi-channel Methods - This redundancy is characterized by

dividing the equipment for performing the function into two or more inde-
pendent portions in such a manner that some portion can fail and the
function can still be performed with minimum or no degradation. This type
is the next choice because no failure detection or switching features are
required with this method. It is normally designed into the system at a
moderate penalty in weight, volume, and power.

c. Ordinary Block or Element Redundancy Method - This redundancy is character-

ized by the paralleling of two identical units in which failure of the oper-
ating unit is sensed and identical equipment is switched in to accomplish

the function. This type is the least desirable because both units are
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susceptible to the same failure modes if exposed to overstressed conditions.
It also requires the addition of a detection and switching unit, therefore
providing the least overall reliability improvement. In addition parallel
units with a detection and switching unit more than doubles the weight and
increases power requirements.

2.3.2 Reliability Versus Weight - The FMECA led to many suggested possibilities

for the incorporation of redundancies. However, the addition of redundancies repre-
sents a corresponding weight increase. Thus, an initial criterion for decisions on
redundancy incorporation needed to be established. This criterion was a requirement
for achieving maximum increase in reliability with a minimum weight increase. An
illustration of the implementation of this criterion is shown in Figure 2.3.2-1.
The failure rate (X) for each component, system or subsystem must be utilized in
establishing th; non-redundant reliability (Ro) from the equation:

At

R =e ; (IoR, = At)

Then the reliability improvement for each subsequent change (41nR) was calculated
by:

elnR0+ AlnR;

R, =

5 A1nR =lnRi - lnRO

Preference was given the component with the lowest weight increase for an incremental
change in reliability (AW/A1nR) followed by units of increasing AW/A1nR. Utilization
of this criterion resulted in the redundancy considerations shown in Figure 2.3.2-2
and indicated the potential reliability improvement as shown in Figure 2.3.2-3. .This
technique of redundancy considerations was applied to the Capsule Bus, and placed
equal emphasis on the achievement of each mission objective. The competing character-~
istics of the Performance and Design Requirements for the 1973 Mission indicates that
equal emphasis should not be placed on each mission objective. Therefore, an addi-
tional analytical technique was needed based on the priority of these objectives.
Fulfillment of this need was accomplished by an effectiveness analysis study for the
redundancy considerations.

2.3.3 Effectiveness Analysis - The effectiveness analysis study is the adaptation

of a technique which evaluated the redundancy in terms of achievement of the mission
objective. The equation developed was:

E = VlRl + V2R2 + V3R3

where Vl = Value index for the achievment of landing

A

Value index for the performance of Entry Science experiments
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GUIDANCE AND CONTROL
RELIABILITY VS. WEIGHT

BASELINE ALTERNATE
1 2 3 4 (4)
COMPONENT f(m) i ! _],,(leé W (Ibs) _1n(;?1106 W (Ibs) A 1nRx106 | AW (1bs) | AW/A1nR | Changes

Intertial Measuring Unit 14

Rate Integrati ng Gyro 94 | 120 11,280 1,228 - 13,790 3.87 281 Gl

Gyro Electronics 94 | 2,738 } { { |

Accelerometer 94 20 1,880 210 - 2,892 2.8 965 G2

Accelerometer Electronics | 94 13 1,222 ' * { t

0.05g Switch 94 — 100 < 2.8 100 2.1 21,000 G7
Power Supply 94 13 1,222 7 284 14.5 938 7.5 7,996 Gé
G & C Computer 87 1135 11,745 16 1,155 325 10,590 16.5 1,558 G3
Radar Altimeter 87 1 190(5) 2,324(6) | 23 684 20.8 1,640 3.8 2,317 G5
Landing Radar 87 | 2745 | 14,7957 | 40 10435 | 4852 | 4,360 8.52 1,954 G4

Modifying Time Factor X Time (Hours)
A = Failures Per Million Hours
~1nRx106 = tm A

Failure Rate Consideringall Parts in Series

m
2
(3)
(4) Computed 1nR and Weight Based on Added Redundancy
(5)
(6)

Redundancy Included in Baseline Radar Altimeter. One of Two Transmitter Tubes and
One of Two Receivers and Trackers Required.

(7) Redundancy Included in Baseline Landing Radar. Three of Four Velocity Channels Including Antenna,

Mixer, AF Amplifier and Tracker Required.

Configuration* | AW (Ibs) JS AW (ibs)| A 1nRx106 S 1nRx106
Baseline — 0 — 47,270
Gl 3.87 3.87 13,790 33,480
G2 2.8 6.67 2,892 30,588
G3 16.5 23.17 10,590 19,998
G4 8.52 31.69 4,360 15,638
G5 3.8 35.49 1,640 13,998
G6 7.5 42.99 938 13,060
G7 2.1 45.09 100 12,960

* Changes G1, G2, etc., to the Baseline Subsystem are Cumulative.

G1 — Multi Axis Gyro Sensing.

G2 — One of Two Accelerometers and Electronics Selected During In-Flight Checkout.

G3 — One of Two Guidance and Control Computers Selected During In-Fiight Checkout.

G4 - Redundancies Added to Baseline Landing Radar Provide One of Two Velocity
Sensor Transmitters, One of Two Range Sensor Transmitters and Modulators and
One of Two Range Sensor Preamp and Tracker Channels Which are Selected During
In-Flight Checkout.

G5 - Baseline Radar Altimeter Redundancy Changed to Provide One of Two Altimeter
Electronics Which is Selected During In-Flight Checkout.

G6 — Active Redundant Power Supplies.

G7 — Quad Redundant 0.05g Switches.

Figure 2.3.2-1 (Continued)
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Figure 2.3.2-2
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CAPSULE BUS
RELIABILITY IMPROVEMENT VS. ADDED REDUNDANCY WEIGHT
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1

3 Value index for the performance of Landed Science experiments

and, Rl = Reliability index for the achievement of landing
R2 = Reliability index for the performance of Entry Science experiments
R3 = Reliability index for the performance of Landed Science experiments

Based on the competing characteristics criterion described in the '"Specification for
Performance and Design Requirements for the 1973 VOYAGER Mission', it was established
that the value index should have the relationship Vl + V2 + V3 = 1 and V1>V2>V3.

An effectiveness model was developed to work the problem and is described and shown
in Part B Section 4.10 of Volume II.

As an example of the results of this analysis, Figure 2.3.3-1, shows a tabulation
of the priority rating for redundancy considerations based on the assigment of value
indices: Vl = .40, V2 = .35 and V3 = .25, Comparisons of redundancy considerations
from a reliability versus weight analysis and an effectiveness analysis are tabulated
in Figure 2.3.3-2.

2.3.4 Summary of Selected Redundancies - Engineering judgment and the effectiveness

analysis results were used as the criteria for selecting the preferred system—concept
redundancies. The primary criterion, engineering judgment, required backup capability
for the performance of all critical mission events. This capability was provided
regardless of the efficiency of weight increase to reliability improvement. After
providing this capability, the selection of additional equipment redundancies was
guided by the effectiveness analysis. The eighty-two (82) redundancies selected

for the preferred concept are tabulated in Figure 2.3.4-1. Sixty-three (63) are
functional and consequently added minimal weight.

2.3.5 Redundancy Implementation Policy - The basic redundancy implementation policy

was modified as a result of the effectiveness analysis. Prior to this analysis,
equal emphasis was placed on the redundancy considerations for Capsule Bus, Entry
Science Package and Surface Laboratory. As the design concepts evolved, it became
apparent this policy of equal emphasis must be modified to most effectively utilize

a prime resource -- weight. Therefore the effectiveness analysis technique was used

as the redundancy implementation policy.
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CAPSULE BUS REDUNDANCY CONSIDERATIONS (Continued)

(EFFECTIVENESS ANALYSIS)

R st

ORDER
OF
PRIORITY REDUNDANCY CONSIDERATION SUBSYSTEM TYPE
41 Redundancy cartridge in each of three N.C. terminal Propulsion Multichannel
propulsion system pyro valves
42 Redundant springs for deorbit motor separation Staging Multichannel
43 Series redundant pressure regulator in the terminal Propulsion Multichannel
propulsion system
44 Active redundant battery power distribution relays Electrical Power Multichannel
45 Redundant cartridge in each of two N.O. terminal Propulsion Multichannel
propulsion system pyro valves.
46 Active redundant subsystem control relays Electrical Power Multichannel
47 Redundant reaction control system pressurant supply Propulsion Multichannei
48 Active redundant guidance & control system power Guidance & Control Multichannel
supplies
49 Quad redundant reaction control system thrust Propulsion Multichanne
chamber propellent valves
50 Redundant shielded mild detonating cord assembly Staging Multichannel
for canister release
51 Redundant check valves in the terminal propulsion Propulsion Multichannel
system
52 Redundant compression spring for canister separation Staging Multichannel
33 Active redundant heater relays (post separation) Electrical Power Multichannel
54 Standby redundant CRS commutator and encoder Telecommunications Block
55 Active redundant heater relays (pre separation) Electrical Power Multichannel
56 Active redundant master test programmer relays Electrical Power Multichannel
57 Quad redundant 0.05g switches Guidance & Control Multichannel
58 Standby redundant programmer Telecommunications Block
59 Active redundant squib batteries Electrical Power Multichannel
60 Parallel redundant engine valves in the terminal Propulsion Multichannel
propulsion system
61 Active redundant main battery Electrical Power Multichannel
62 Active redundant (load sharing) telemetry power Telecommunications Multichannel
supply
63 Quad redundant battery power diodes Electrical power Multichannel
64 Quad redundant squib battery diodes Electrical Power Multichannel
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CAPSULE BUS SELECTED REDUNDANCIES

TYPE

EVENT

PRIMARY SOURCE

REDUNDANT SOURCE

Functional

Switch flight capsule to flight
spacecraft power

Switch flight capsule to
battery power

Turn on capsule bus test
programmer

Turn on capsule bus telemetry
subsystem

Turn on guidance and control
inertial measuring unit

Switch capsule bus telemetry
subsystem to checkout mode

Switch entry science package,
surface laboratory and cap-
sule bus cruise commutators
to capsule bus telemetry
control mode

Turn on entry science package
telemetry subsystem

Switch entry science package
telemetry subsystem to check-
out mode

Turn off entry science package
telemetry subsystem

Switch entry science package,
capsule bus and surface
laboratory cruise commutators
to cruise mode

Turn off capsule bus telemetry
subsystem

Turn on surface lab telemetry
subsystem

Turn on surface lab test
programmer

Turn off surface lab test
programmer

Apply power to capsule bus
sequencer and timer

Switch capsule bus, entry
science package and surface
lab to internal power

Turn on capsule bus guidance
and control subsystem
computer

Flight spacecraft central
computer & sequencer

Flight spacecraft central
computer & sequencer

Flight spacecraft central
computer & sequencer

Capsule bus test pro-
grammer

Capsule Bus sequencer
and timer

Capsule bus test pro-
grammer

Capsule bus test pro-
grammer

Capsule bus test pro-
grammer

Capsule bus test pro-
grammer

Capsule test programmer

Capsule bus test pro-
grammer

Capsule bus test pro-
grammer

Capsule bus test pro-
grammer

Capsule bus test pro-
grammer

Capsule bus test pro-
grammer

Flight spacecraft central
computer & sequencer

Capsule bus sequencer
and timer

Capsule bus sequencer
and timer

Mission operations system

Mission operations system

Mission operations system

Mission operations system

Mission operations system

Mission operations system

Mission operations system

Mission operations system

Mission operations system

Mission operations system

Mission operations system

Mission operations system

Mission operations system

Mission operations system

Mission operations system

Mission operations system

Flight spacecraft central
computer and sequencer or
Mission operations system

Mission operations system
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CAPSULE BUS SELECTED REDUNDANCIES (Continued)

TYPE

EVENT

PRIMARY SOURCE

REDUNDANT SOURCE

Functional

_——

Transter guidance and control
subsystem data words to guid-
ance and control computer

Activate capsule bus squib
battery No. 1

Activate capsule bus squib
battery No. 2

Activate capsule bus squib
battery No. 3

Turn-on Low-Rate UHF

transmitter

Switch capsule bus telemetry
subsystem to deorbit mode

Swtich capsule bus, surface lab
and entry science package
cruise commutators to capsule
bus control mode

Switch sterilization canister to
internal power

Release and separate forward
section of canister

Separate insulation from flight
capsule

Release flight capsule from
flight spacecraft (electrical)

Release flight capsule from
flight spacecraft (mechanical)

Terminate deorbit motor thrust
Separate spent deorbit motor

Turn on capsule bus radar
altimeter

Initiate capsule bus guidance a
and control computer routine

Turn on entry science package
telemetry subsystem, base
pressure experiment, descent
TV (warmup), accelerometer
experiment, stagnation pres-
sure experiment, radio sub-
system, data storage sub-
system and switch entry
science package telemetry
subsystem to entry mode

Capsule bus sequencer
and timer

Capsule bus sequencer
and timer

Capsule bus sequencer
and timer

Capsule bus sequencer
and timer

Capsule bus sequencer
and timer

Capsule bus sequencer
and timer

Capsule bus sequencer
ond timer

Capsule bus sequencer
and timer

Canister dual programmer
Canister dual programmer

Canister dual programmer

Canister dual programmer

Capsule bus guidance and
control computer

Capsule bus pyro delay

Capsule bus sequencer
and timer

Capsule bus sequencer
and timer

Capsule bus sequencer
and timer

Mission operations system

Mission operations system

Mission operations system

Mission operations system

Mission operations system

Mission operations system

Mission operations system

Mission operations system

Capsule bus
and timer

Capsule bus
and timer

Capsule bus
and timer

Capsule bus
and timer

Capsule bus
and timer

Capsule bus
and timer

.05 g sensor

Capsule bus
altimeter

.05 g sensor

sequencer

sequencer

sequencer

sequencer

sequencer

sequencer

radar

or capsule

bus radar altimeter
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CAPSULE BUS SELECTED REDUNDANCIES (Continued)

TYPE

EVENT

PRIMARY SOURCE

REDUNDANT SOURCE

Functional

Switch capsule bus telemetry
system to entry mode

Initiate descent TV camera
sequencing

Initiate capsule bus integrating
acceleration sensing route

Arm terminal propulsion system
pressurant and isolation
valves

Fire terminal propulsion system
pressurant isolation valves

Fire terminal propulsion system
propellant isolation valves

Switch to 3-axis rate damping
and initiate guidance and
control computer inertial
reference routine

Turn on capsule bus landing
radar

Update capsule bus sequencer
and timer based on altitude
or integrated acceleration
sensing

Enable capsule bus aerodecel-
erator deployment mechanism

Deploy capsule bus aerodecel-
erator

Arm capsule bus aeroshell
separation mechanism and
initiate guidance and control
computer descent control mode

Release capsule bus aeroshell
from capsule bus (electrical)

Release capsule bus aeroshell
from capsule bus (mechanical)

Separate capsule bus aeroshell
from capsule bus and switch
entry science package telem-
etry subsystem and capsule
bus telemetry subsystem to
terminal descent mode

Capsule bus sequencer
and timer

Capsule bus sequencer
and timer

Capsule bus sequencer
and timer

Capsule bus sequencer
and timer

Capsule bus sequencer
and timer

Capsule bus sequencer
and timer

Capsule bus guidance
and control subsystem

Capsule bus radar
altimeter

Capsule bus radar
altimeter

Capsule bus sequencer
and timer

Capsule bus sequencer
and timer

Capsule bus sequencer
and timer

Capsule bus sequencer
and timer

Capsule bus sequencer
and timer

Capsule bus sequencer
and timer

.05 g sensor or, capsule
bus radar altimeter

.05 g sensor or capsule
bus radar altimeter

Capsule bus radar
altimeter

Capsule bus radar
altimeter

Capsule bus radar
altimeter

Capsule bus radar
altimeter

Capsule bus radar
altimeter

.05 g sensor or capsule
bus integrated accel-
eration sensing
routine

Capsule bus integrated
acceleration sensing
routine

Capsule bus radar
altimeter

Capsule bus radar
altimeter

Capsule bus radar
altimeter

Capsule bus radar
altimeter

Capsule bus radar
altimeter

Capsule bus radar
altimeter
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CAPSULE BUS SELECTED REDUNDANCIES (Continued)

TYPE

EVENT

PRIMARY SOURCE

REDUNDANT SOURCE

Functional

Ignite terminal propulsion motors

Release capsule bus aerodecel-
erators

Throttle down terminal propulsion
motors to .8 g

Switch landing radar range scale
Begin constant velocity descent

Enable capsule bus and surface
lab impact sensors and release
descent TV cameras

Terminate capsule bus terminal
propulsion motor burn and cap-
sule bus attitude control
electronics

Update capsule bus sequencer
and time base on time of impact

Terminate capsule bus landing
radar and radar altimeter
operation

Arm capsule bus stabilizer legs

Release capsule bus stabilizer
legs

Extend capsule bus stabilizer
legs

Shut down entry science package

Switch capsule bus to surface
lab support mode

Capsule bus radar
altimeter

Capsule bus sensor

Capsule bus guidance
and control computer

Capsule bus landing
radar

Capsule bus guidance
and control subsystem

Capsule bus radar
altimeter

Capsule bus landing
radar

Capsule bus impact
sensor

Capsule bus impact
sensor

Capsule bus sequencer
and timer

Capsule bus sequencer
and timer

Capsule bus sequencer
and timer

Capsule bus sequencer
and timer

Capsule bus sequencer
and timer

Capsule bus landing
radar

Capsule bus radar
altimeter or sequencer
and timer

Capsule bus sequencer
and timer

Capsule bus radar
altimeter

Capsule bus radar
altimeter

Capsule bus landing
radar

Capsule bus sequencer
and timer or impact
sensor or surface
lab impact sensor

Surface lab sequencer
and timer

Capsule bus sequencer
and timer or surface
lab impact sensor

Surface lab sequencer
and timer

Surface lab sequencer
and timer

Surface lab sequencer
and timer

Surface lab sequencer
and timer

Surface lab sequencer
and timer

Figure 2.3.4-1 (Continved)
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SECTION 3

QUANTITATIVE RELIABILITY ESTIMATES

The primary purpose of the reliability estimates is to show relative comparisons
of reliability potentials of the many concepts considered, rather than to accurately
predict the reliability of a given concept or the preferred concept.

3.1 RELIABILITY ESTIMATE METHODS - The methods used in performing reliability esti-
mates for the studies were maintained consistent with the level of design maturity.
The primary elements necessary for establishing a quantitative reliability estimate
are discussed in the following paragraphs.

3.1.1 Mission Profile Analysis - The mission profile presented in the VOYAGER

Specification was examined in detail and a representative mission for the Capsule

Bus was established for reliability estimates. Mission events were examined to
determine the possible effect of the events on subsystem reliability. This examin-
ation resulted in the establishment of failure rate modifiers to be applied in deter-
mining an equivalent mission duty cycle. The mission events and applicable failure
rate modifying factors are listed in Figure 3.1.1-1. Modifying factors are shown

for both operating and non-operating equipment. The factors depict the significant
relative environmental and application stresses for the different events.

3.1.2 Subsystem Configuration Definition - A necessary step in the computation of a

reliability estimate is to determine the function and operations of the subsystem and
its major components or assemblies. This was accomplished by a study of the sub-
system functional block diagram. A typical subsystem functional block diagram is
illustrated by Figure 3.1.2-1.

From this information a reliability logic diagram was prepared for the sub-
system. This is a "success path" diagram showing those components and/or subassem-
blies which must function in order for the subsystem to successfully complete its
mission. The reliability diagram expands in detail as the design matures. A typical
reliability block diagram is illustrated by Figure 3.1.2-2.

3.1.3 Failure Rate Determination - With a subsystem reliability diagram defined,

the next step in performing a reliability estimate was to determine a failure rate
for each item or block in the reliability diagram. For the less complex subassemblies

and/or components which appear in the diagram, the historical failure rate of a
similar item was used. The parts count technique as illustrated by Figure 3.1.3-1

was used for all other assemblies and/or components. Average failure rates were
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VOYAGER MARS MISSION PROFILE AND FAILURE RATE MODIFYING FACTORS
FOR RELIABILITY ANALYSIS

_t
MISSION EVENT TIME MODIFYING FACTOR MODIFIED TIME =T
(HRS) [OPERATING|NON-OPERATING | OPERATING[NON-OPERATING
EQUIPMENT| EQUIPMENT EQUIPMENT| EQUIPMENT
Launch 0.20 150 150 30 30
Parking Orbit 0.54 1 .01 .54 .0054
Interplanetary Injection 0.09 3 3 .27 .27
(Powered Flight)
Interplanetary Cruise 5424 1 0.01 5424 54.24
(222 days + 4 days)
Trajectory Corrections 0.10* 3 3 .30 .30
(Powered Flight)
Orbit Insertion 0.10* 3 3 .30 .30
(Powered Flight)
Orbit Cruise 105 1 .01 105 1.05
(7.5 Orbits)
De-orbit Maneuver 0.02 3 3 .06 .06
(Powered Flight)
Orbit Descent 5 1 01 5 05
Entry .10 6 6 .60 .60
Terminal Descent Aero 0.02 3 3 .06 .06
Terminal Descent Prop 0.02 6 6 12 12
Impact .01 | 3,000 3,000 30 30
Landing Erection .02 3 3 .06 .06
Landing Operation
Exterior < 50 5 .01 <250 < .50
Interior < 50 1 .01 <50 Z 50
* Estimate
Figure 3.1.1-1
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CAPSULE BUS SEQUENCER & TIMER RELIABILITY MODEL
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PARTS COUNT ESTIMATE
CAPSULE BUS SEQUENCER AND TIMER MEMORY SUBASSEMBLY

QUANTITY | FAILURE RATE 6
COMPONENT
ON (n) A x ]Oé/hr nA x 10
X" Drivers
Integrated Circuits 4 10 .400
Transistors, Silicon 32 .05 1.600
Resistors, Carbon 64 .00 .064
“Y* Drivers
Integrated Circuits 2 .10 .200
Transistors, Silicon 16 .05 .800
Resistors, Carbon 32 .001 .032
Sense Amplifiers
Integrated Circuits 24 .10 2.400
Inhibit Drivers
Transistors, Silicon 48 .05 2.400
Resistors, Carbon 96 .001 .096
Core Stack
Cores 3072 .003 9.216
Subassembly Failure Rate = 3 nA = 17.208x 10~

Figure 3.1.3-1
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used for all other assemblies and/or components. Average failure rates were used

for the different component parts with no attempt to predict part derating or environ-
mental stresses internal to the assembly. To insure good relative comparisons of

the estimated reliability of competing concepts, a list of standard failure rates for
electrical and electronicvpiece parts was established and used for all parts count
estimates. This same technique can be extended to include the effects of part de-
rating and operating environments as the detailed design of the assemblies material-
izes. The part count technique provides an effective tool for determining areas in
which reliability can be improved by effective part derating or by incorporating
redundancy within the assembly.

3.1.4 Subsystem Reliability Estimate - The final step in arriving at a subsystem

or concept quantitative reliability estimate was to combine the above elements.
Figure 3.1.4-1 illustrates one technique for arriving at the subsystem estimate. A
modified time (tm) was determined for each subassembly by applying the modifying
factors as previously shown in Figure 3.1.1-1 to the mission duty cycle of the sub-
assembly. This time (tm), for time dependent items, was then multiplied by the
failure rate of the item to find the mission failure rate for each item. The sum-
mation of these mission failure rates gives the subsystem mission failure rate. The
subsystem mission reliability was determined by use of the formula

R=e*m
3.2 RELIABILITY ESTIMATE LIMITATIONS - The limitations of quantitative reliability
estimates must be recognized if results are to be interpreted properly. Quantitative
estimates for system and subsystem reliability made during this concept definition
phase have accuracy limited by the level of design maturity. Quantitative reliability
estimates are a valuable input to early design decisions and will become more and
more significant as the design becomes more detailed. The emphasis will gradually
shift from comparative estimates toward predictive estimates as the design evolves,
with the failure mode, effect and criticality analyses being of primary importance
in design shaping.
3.3 SUMMARY OF RELIABILITY ESTIMATE RESULTS - The primary use of the quantitative
reliability estimates has been for comparative evaluation of competing subsystem con-
cepts rather than to predict the actual reliability of a given concept or the pre-
ferred concept. A quantitative reliability estimate was a standard input to major
design trade studies and was a major factor in many decisions. The estimates have
served to highlight areas for reliability improvement. The reliability estimates

were a necessary input to the reliability versus weight and effectiveness analysis.
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RELIABILITY ESTIMATE
CAPSULE BUS SEQUENCER AND TIMER

COMPONENT OR + (HR) | FAILURE RATE | At x10°
SUBASSEMBLY m A x 106/HR (<1n Rx 109

DC-DC Converter and Regulators 126 3.127 394
Memory 126 17.208 2168
Crystal Oscillator 126 .833 105
Memory Buffer Register 126 3.00 378
Sensor Interface 126 416 52
Decrementer and Zero Detector 126 500 63
Telemetry Interface ) 126 .104 13
Command Link Interface 126 .104 13
Digital Data Interface ‘ 126 104 13
Reference Frequency Interface 126 104 13
Timing and Control 126 18.200 2293
Power Detector 126 .043 5
Output Interface 126 10.160 1280
> = 6792

R - >Mm _ 993

Figure 3.1.4-1
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A quantitative reliability estimate of the selected Capsule Bus configuration
has been computed and is presented in Figure 3.3-1. This estimate indicates that
the propulsion, telecommunications, electrical power, and guidance and control

subsystems will collectively have the greatest influence on Capsule Bus reliability.
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VOYAGER CAPSULE BUS EQUIPMENT
RELIABILITY ESTIMATE SUMMARY

SUBSYSTEM

MISSION
RELIABILITY
ESTIMATE

Guidance and Control
Inertial Measuring Unit
Guidance ond Control Computer
Radar Altimeter
Landing Radar
Telecommunication
Telemetry
Radio
Antenna
Command
Data Storage
Instrumentation
Electrical Power
Converter-Regulator
Power Switching and Logic
Battery Charger
Main Battery
Squib-Motor Batteries
Propulsion
Deorbit Propulsion
Reaction Control
Terminal Propulsion
Landing
Impact Attenuation
Stabilization
Sequencer and Timer
Staging
Aerodynamic Decelerator
Separation and Release Functions
Thermal Control

.938

.952

.984

.962

.998

.993
994

.997

Total Capsule Bus Equipment Reliability

.830
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SECTION 4
RELIABILITY PROGRAM REQUIREMENTS

The Phase B study has revealed several reliability program elements which must
receive increased major emphasis throughout the program. These elements are:
(1) Failure modes, effects, and criticality analysis, (2) Specially planned
parts and materials program, (3) Positive failure analysis, evaluation and
corrective action, and (4) Comprehensive design reviews.
4.1 FAILURE MODE, EFFECTS, AND CRITICALITY ANALYSIS - FMECA is a powerful reli-
ability technique for highlighting potential design weakness. It must be a
primary continuing reliability task performed concurrently with the detail design
and previously described contingency analysis. The FMECA carried to the detail
level provides the basis for design considerations which minimize mission failures
or degradation.
4.2 PARTS AND MATERIALS PROGRAM - The decontamination, sterilization, and long-
life requirements demands the need for a specially planned comprehensive parts
and materials program. This program must provide for the selection, testing,
and control of parts and materials to assure that the parts and materials meet
these environmental and life requirements and do not compromise equipment reli-
ability.
4.3 TFAILURE EVALUATION - "Failures'" or performance irregularities must be
expediently and positively identified, analyzed, and corrective action taken. This
assures that no problem remains unidentified and immune to maximum corrective
effort.
4.4 DESIGN REVIEWS - In depth design reviews must be conducted on all elements
of the Capsule Bus System. The design review process must also place equal
emphasis ‘on the review of the operational support equipment compatibility with
the system and/or subsystems. The compatibility must be clearly evaluated by
design review to assure that the interface design of the operational support

equipment and flight equipment will not compromise the launch constraints.
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SECTION 5
COMPONENT PART RELIABILITY
’

Recognizing that system reliability is influenced by the characteristics and
application of the component parts, we have devoted our Phase B effort to: (1)
determining the elements of a realistic component part plan , and (2) initiating
certain elements of this plan.

The elements of the plan are:

a. An Approved Parts List (APL) listing those parts demonstrating ability

to meet VOYAGER Capsule Bus requirements.

b. Specification control for all parts.

c. Parts Application Manual for electrical and mechanical parts.

d. Parts Test Program.

e. Traceability program.

During Phase B we have begun work on elements a, b, ¢, and d as reported
in the paragraphs immediately following.

5.1 APPROVED PARTS AND MATERIALS LIST ~ During Phase B, a preliminary Approved
Parts List (APL) was issued and used by the design functions as a guide where
part information was required to conduct meaningful implementation studies. The
data used to generate the list were taken from JPL Document ZPP-2010-SPL-C,
"Electronic Parts Sterilization Candidates for Spacecraft Application.'" 1In
addition an Approved Materials and Processes List was prepared based on data
available to us from many sources and from in-house testing. Only those parts,
materials and processes which exhibited evidence of meeting the VOYAGER Flight
Capsule requirements were included in these lists. These two lists are McDonnell
Douglas Reports F189 and E936, respectively.

The APL includes tabulations of specific electrical and mechanical parameters
to aid the design groups in proper part selections for particular applications.
The APL subdivides the parts into three categories.

a. High Reliability - These parts are VOYAGER preferred parts which have been

subjected to long term failure rate life tests and have established
low failure rates.

b. Preferred Parts - These parts are tested and qualified for use in the

VOYAGER Flight Capsule environment.
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c. Nonstandard - These parts are Special or Limited application, and receive

specific testing and justification for use.

It is recognized that modification to the Approved Parts, Materials and
Processes Lists will be required as the VOYAGER Program progresses. The continuing
component part reliability program plan for the Phase C and D effort is detailed
in Part C, Section 10 of Volume VI.

5.2 SPECIFICATION - Several special specifications were produced for the
VOYAGER Flight Capsule Program during the Phase B study in preparation for the
Phase C design effort. These specifications delineate the part requirements and
the approved sources of supply. Approved sources of supply candidates were sel-
ected from JPL Document ZZP~2010-SPL-C.

To minimize duplication, a two level specification system is used as
described below:

a. General Specificatioﬁ - A specification covering the general require-

ments for generic types or families of parts.

b. Detail Part Drawings - A specification delineating the detail requirements

for a specific part.

Examples of existing specifications are as follows:

a. General Specification, VOYAGER Flight Capsule, Semiconductors, Transis-
tors, Diodes and Integrated Circuits (207-780003)

b. Detail Part Drawing, Integrated Circuit, Flip-Flop, RST (207-780007)

c. Detail Part Drawing, Semiconductor, Diode, General Purpose, Power,
Silicon (207-780004)

d. General Specification, VOYAGER Flight Capsule, Capacitors, Fixed
(207-780005)

e. Detail Part Drawing, Capacitor, Fixed, Ceramic (207-780009)

The Semiconductor General Specification and the Integrated Circuit Detail Part
Drawing are included in Appendix (A) as examples.

The procedure established for the issuance of additional specifications is
given in the component part, material and processes program plan, Part C,
Section 10 of Volume VI.

5.3 APPLICATION MANUAL - Part parameter control alone is not sufficient to
assure satisfactory operation of the part. Our approach for the VOYAGER Flight
Capsule System places equal emphasis on use of the best part and best use of the

part. In conjunction with the Approved Parts List, a Parts Application Manual
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was initiated in Phase B as a guide for the design groups, and is discussed in
more detail in Part C, Section 10 of Volume VI. The following information as
a minimum is included in the manual:

a. Function of the part

b. Application considerations and limitations

c. Electrical characteristics

d. Environmental limitations

e. Failure modes

f. Failure rates

g. Physical properties

h. Packaging, mounting and handling limitations

5.3.1 FElectrical Considerations -~ In order to assure high reliability designs,

conservative derating of electrical stress for component parts is necessary.
These derating factors were established and included in the initial issue of
our applications manual. The following are examples of derating factors used:

a. Integrated Circuits - Fan-in and fan-out shall be such that the power

dissipation shall not exceed 50 percent of maximum rating.

b. Power Transistors - Power dissipation shall not exceed 30 percent of

rated maximum, base and emitter currents shall not exceed 75 percent
of rated maximum, and voltages shall not exceed 75 percent of rated
maximum.

c. Wire Wound Resistors (1 percent tolerance and up) - Power dissipation

shall not exceed 50 percent of rated maximum.

These derating values are generic, and further evaluation is required for
each individual part within the general part category.

5.3.2 Mechanical Considerations - Consistent with the level of detail design

existing in the Phase B study, a review of the packaging, mounting, and environ-
mental factors affecting parts was performed and comparisons made with the
part limitations. The following items were considered in the review:

a. Thermal inertia

b. Thermal conductivity

¢c. Thermal radiation on adjacent parts

d. Vibration

e. Encapsulation

f. Mounting

g. Interconnection
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This type of review must continue in depth as the design proceeds into
Phase C and D.

The results of the review and results of mechanical and process tests
provided the data for proper parts applications, and was reflected in the Approved
Materials and Processes List and in the Parts Application Manual.

5.4 TESTING - Tests were conducted prior to and during Phase B to evaluate the
effects of heat sterilization and decontamination cycles and shock. These tests,
involving thirteen part types, resulted in very few failures.

a. Power diodes failed due to dessicant liberating moisture during the

heat cycle. Although a large percentage of one diode type group
exhibited high reverse current leakage, none of the failures resulted
directly from the sterilization or shock environment.

b. Powdered iron core inductors failed when subjected to shock beyond

that expected in the Flight Capsule.
For a summary discussion of the above part testing see Part B, Section 1.1 of
Volume VI.

Several insulation and encapsulation materials are presently being evaluated
in our laboratories sterilization temperature, operating temperature and at a
pressure of 10710 Torr to assure that outgassing and sublimation will not create
hazards to the part or surrounding parts.

5.4.1 Qualification - During Phase B, we have examined the required qualification

testing to assure that all parts are suitable for the VOYAGER Flight Capsule
requirements. Qualification testing must be performed and will include all
environments deemed necessary to qualify the parts. The particular number of
qualification samples will be selected in accordance with individual parameters,
environments and failure rate requirements. Qualification environment will
include heat sterilization temperatures, decontamination (ETO) atmospheres, shock,
humidity, vibration, acceleration and others necessary to assure compliance with
VOYAGER requirements. Part parameter limits consist of attribute as well as

variables data. The required testing is reflected in the part specifications.

The amount and degree of testing required is tempered by information acquired
during previous programs or received from cooperating agencies, such as the

Interservice Data Exchange Program (IDEP) and Parts Reliability Information Center/

Appollo Parts Information Center (PRINCE/APIC).
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5.4.2 Screening - Our study has reconfirmed that screening is a prime requisite
to assure reliability for a long life space program such as VOYAGER. Screening
provides for the selection, from a group of parts, having the potential for
the desired reliability. Screening is nondestructive testing performed on a lot-
by—lot basis in an effort to:

a. Eliminate product degradation

b. 1Identify and control process changes (planned or unplanned)

c. Prevent anomalous failures

d. Identify and control design changes

e. Eliminate infant mortality

f. 1Isolate design discrepancies

We recommend, and are presently using, a screening technique for integrated
circuit to control workmanship defects. A color photograph at 100¥ magnifica-~
tion of each device is required just orior to final seal. This is extremely
effective, when combined with the usual 100% visual inspection requirement, in
improving quality of the delivered parts. These photographs, identified with
the part serial number, allow elimination of devices with scratched metalization,
foreign particles and other common failure causes attributable to workmanship.
5.5 CONTROL - In the course of our study the following control elements (Part
Material and Process Controls, Flow Chart Documentation, Approved Parts List -
APL, APL addition/deletions procedures, traceability requirements) were
determined as necessary to assure that only acceptable and qualified parts are
used in the assembly of subsystem and systems. A discussion of these controls is
found in Part C, Section 10, of Volume VI.

Our study recommendations on implementation of these controls, including
traceability requirements, are noted below.

5.5.1 Part Manufacturer - The manufacturer of parts for VOYAGER Flight Capsule

equipment is required to apply adequate controls to incoming inspection, materials,
processes, fabrication, testing, stocking and packaging. A McDonnell require-
ment is that Reliability and Quality Assurance Plans (including as a minimum,
organizational relationships with other departments in such matters as part design,
failure rate prediction, failure mode identification, and design proof testing) be
made available on request by the parts manufacturer for review.

On critical parts, the manufacturer is required to submit a flow chart which

shows the entire processing from incoming materials to final part shipment. All
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processes and inspection points are identified by the applicable internal specifi-
cation including revision date. Subsequent to acceptance of the flow chart,
changes must be reported by the supplier before shipment of parts incorporating
process changes. Although this requirement is not expected to prevent

changes in the manufacturer's processes, it establishes a baseline upon which an
evaluation can be made of process changes as they occur on parts procured after
the initial qualification of the manufacturer. Single lot procurement is used
where practicable by the subcontractors. (All parts required for the system

are purchased at one time and are from the same lot as the qualification sample.)

5.5.2 Subcontractor - Subcontractors are subject to the same controls as those

used internally at the prime contractor. The subcontractors are monitored to
ensure conformance. Part selection by the subcontractor is limited to those parts
included in the VOYAGER Approved Parts List established and maintained by the
prime contractor. 1In order to use parts not on the approved list, a procedure

for revising the Approved Parts List is discussed in Part C, Section 10 of

Volume VI.

Subcontractors are required to keep McDonnell apprised of all part application
and selection activities. This information, coupled with the prime contractor's
own part experience, is disseminated to all subcontractors to minimize parallel
effort and encourage consideration of parts already proven by test,

5.5.3 Traceability - Traceability requirements provide for the identification

of a particular piece part or group of parts through all phases of assembly and
testing. All parts will be identified with either a serial number or lot number.
Serial numbers willbe used on critical parts only and will be minimized to the
greatest extent possible. The traceability document (207-780002) prepared
during our Phase B activity, lists the following parts as requiring serialization.

Transistors -~ power, field effect and RF

Diodes - microwave, varactor, controlled rectifiers

Integrated circuits

Tubes

Crystals
All other parts will be identified by lot number for traceability.

Any failures or deficiencies are isolated to the part level and proper correc-
tive action taken. All failed parts are subjected to failure analysis to determine
failure modes. After failure modes are identified, an analysis of the test data

will enable determination of the proper corrective action.
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REVISED:

1. SCOPE
1.1 This specification establishes the general requirements for semiconductor,
transistors, diodes and integrated circuits suitable for use in Voyager
Flight Capsule application. Specific requirements for a particular semi-
conductor device are listed in applicable detail part drawings.
2, APPLICABLE DOCUMENTS
2,1 The following documents, of the issue in effect on the date of invitation
for bids, form a part of this specification to the extent specified herein:
SPECIFICATIONS
Mlitary
MIL-S=-19500 Semiconductor Devices, General Specification
MIL~G-45204 Gold Plating (Electrodeposited)
Na A cs Space st
NPC 200-3 Inspection system provisions for Suppliers of
Space Materials, Parts, Components and Service
McDongell
207-780011 Visual Inspection Criteria, Voyager Flight L‘
Capsule Semiconductor Devices
STANDARDS
Military
MIL~-STD-130
MIL-STD-202 Test Msthods for Electronic and Electrical
Component Parts
MIL~-STD-750 Test Methods for Semiconductor Devices
MIL-STD-1276 Weldable Leads for Electronic Component Parts
7
:
[
&
—
' ]
[praws %;7y APPRD VO!AGER ﬁEg%TFICATmNULE Rev[ mopeL [voL ASSY 5
k SEMICORDUCTORS, TRANSISTORS,
HECK APPRD DIODES AND INTK}RATED CI.RCUITS g
MCDONNELL DRAWING NO. [SHEET 2
- a
APPRD APPRD $T. LOUIS, MO. 207-780003 2 ay
MAC 1202A (REV 4 AUG 81) ’ CODE IDENT NO. 7630'
APPENDIX A
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REVISED:

4

3.1

3.1.1

3.1.2

3.2

3.3

REQUIREMENTS

Conformance. The individual types of semiconductors shall conform to the
detailed requirements specified in the applicable McDonnell detail part
drawing and this specification.

Conflicting Requirements. In the event of conflict between this specifica~
tion and the documents referenced herein, the order of precedence shall be
as follows:

a. Purchase Order

b. Applicable McDonnell Detail Part Drawing
¢. This Specification

d. NASA/Government Specification

e, Mlitary Specifications.

Refe: Det. Part Dra . For purposes of this specifimtion, when
the term "specified" or "as specified" is used without reference to a
specific location the intended reference is to the McDonnell detail part

drawing.

tion. Semiconductor devices furnished under this specification
shall be a product which has been tested and passed the qualification and
acceptance tests specified herein.

Request for Devjation. Any change from the requirements of this specifica-
tion, or applicable documents listed herein, shall be considered a
deviation. Request for a deviation shall be submitted in writing to

McDonnell. Materials and processes used in the fabrication and assembly of.‘.

the semi-conductor qualification test samples shall be documented at the
time of qualification and any subsequent material and process changes for
these parts shall be forwarded to McDonnell. Manufacturer shall obtain
McDonnell approval before shipment of any parts for Voyager Flight Capsule
application containing such changes.

3.4 Leads and Terminal Material/Finish. The lead material used shall conform
to MI1l-STD-1276, as applicable. The leads shall not show evidence of base
metal corrosion after completion of the environmental tests specified
herein.

The finish of the semiconductor case shall exhibit no peeling or cracking
of the body surface area, of the marking, or of the color coding after
completion of all tests performed thereon.

3.5 Machanical Characteristics,

The mechanical characteristics of the semi-conductor shall be as specified
herein and in the detail part drawing.
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3.5.1

3.6

3.6.1

3.7

3.7.1

3.7.1.1

3.7.1.2

lead and Terminal Test. Each semiconductor shall be capable of with-

standing the pull test, bend test, twist test, torque test and soldering
heat test as specified in the detail part drawing without physical damage
to the leads, terminals or the semiconductor body, and without degradation
of the semiconductor electrical characteristics.

Electrical. Semiconductor electrical performance characteristics shall
be as specified in the detail part drawing. Semiconductors furnished to
the requiremsnts of this specification shall have met the qQualification
and acceptance inspections specified in 4.2 and 4.3.

Maximum Ratings. Semiconductor maximm ratings shall be as specified in
the detail part drawing.

Eqviropmental. Semiconductors shall operate within the limits as specified
in the detail part drawing before and after being subjected to the environ-
mental conditions outlined in 3.7.1 thru 3.7.11.

Sterilization and Decoptamination. Semiconductors shall operate within the
limits as specified in the detail part drawing after being subjected to
heat sterilization and ethylene oxide decontamination.

Heat Sterilisatjon, Sterilization shall consist of six separate cycles of
heat at a maximum temperature of 135°C. in a nitrogen atmosphere. The
nitrogen shall have an initial dew point prior to heating of no greater
than minus 54,°C and the gas shall possess a purity so that no more than

50 parts/million of extraneous products shall be contained within the gas.
The total time of application of the envirorment is 96 hours per cycle +
(the time at the stabilized 135°C is 92 hours per cycle). Each item
shall be at an initial temperature of 20-25°C prior to the beginning of
each cycle. Performance tests and other evaluation criteria for determin-
ing the effects of the envirorment on the units shall be as specified in
the detail part drawing.

Decontamination. Devices shall meet the end point test limits of group B
sub-group 2 before and after the ethylene oxide decontamination test.
This test shall consist of six (6) separate cycles at a temperature of

50 + 5°C and an enviromment of 88% Freon and 12% ethylene oxide at 50%
relative humidity and a concentration of 600 m.g./liter of gaseous atmos-
phere., A test cycle shall consist of:

a. ] hour during which the temperature is increased to 50 + 5°C and the
air atmosphere is maintained at 50% R.H.
b. 2] to 24 minutes during which the atmosphere is evacuated to 70 torr.
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3.7.1.2 (Continued)

c. 27.5 hours during which the atmosphere is maintained at 50% R.H. with
a concentration of 600 m.g./liter of 88/12 mixture of Freon 12 and
ethylene oxide.

d. 15 minutes - evacuate to 70 torr. and permit temperature to fall.

eo. 45 minutes - permit temperature to fall to 20-25°C by introducing
ambient air.

3.7.2 High Temperature Storage. Semiconductors shall operate within the limits
specified in the detail part drawing after being tested in accordance with
Method 1031.1 of MIL-STD-750. The ambient temperature for this test shall
be 200°C minimmum,

3.7.3 Temperature Cycling. Semiconductors shall operate within the limits as
specified in the detail part drawing after being tested in accordance with
Method 1051.1 of MIL-STD-750 (Test Condition C, Method 107 of MIL-STD-202)

3.7.4 Moisture Resistance. Semiconductors shall operate within the limits as
specified in the detail part drawing after being tested in accordance with
Method 1021.1 of MIL-STD-750 (Method 106, MIL-STD-202, omitting Step 7B
and the initial 24 hour soak period.)

3.7.5 Hermetic Seal. Semiconductor .shall not exhibit leak rates in excess of
1 x 1078 atm - cc per second when tested in accordance with 4.3.3.4.

'.' 3.7.6 Shock. Semiconductors shall be capable of operation within the limits as *
specified in the detail parts drawing after being tested in accordance with
Method 2016.1 of MIL-STD-750. A total of 30 impacts shall be applied in
each of three mutually perpendicular planes (10 impacts each plane).

3.7.7 Vibration. Semiconductors shall be capable of operation within the limits
specified in the detail part drawing when subjected to the Vibration Test
Method 2046 of MIL~STD-750.

3.7.8 Low Temperature Operating, Semiconductors shall be capable of operating
within the limits as specified in the detail part drawing after stabili-
zing parts at an ambient temperature -63_ 5 oC for this test.

3.7.9 Acceleration., Semiconductors shall be capable of operation within limits
as specified in the detail part drawing after subjected to a constant
acceleration of 20,000g's per Method 2006 of MIL-STD-750, with the semi-
conductors so oriented that the acceleration vector is in the direction

o (normally in Y, orientation only) most likely to produce mechanical/ a
bonded interconnection failure. g
o~
&
-
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3.7.10

3.7.11

3.8

3.9

3.10

3.1

3.11.1

A 4

Yacuum. Semiconductors shall be capable of operation within limits as

specified in the detail part drawing after subjected to a pressure of 10~5
Torr (mm of mercury) at a temperature of -65°C igoc for a period of 24 hoursl
No degradation or deteriorations of seal shall occur.

Operating Life. Semiconductors shall be capable of operation within limits
as specified in the detail part drawing when tested in accordance with
Method 1026.1 of MIL-STD-750.

Fallure Rate. Semiconductors shall have a failure rate as specified in
the detail part drawing.

Physical Dimensions. The physical dimensions of the semiconductors shall
be as specified in the detail part drawing.

Marking. Manufacturer shall permunently and legibly mark each part in
accordance with MIL-STD-130 with the following:

« Manufacturer's Nams or Symbol
-~ Lot or Serial Number (as specified)
- Polarity (as applicable)

Part Identification/Traceability. Two-way traceability, that is, from a

particular semiconductor to a known lot and from a known lot to a parti- .
cular semiconductor from that lot shall be maintained when specified in the
detail part drawing. This information shall be immediately available to
McDonnell upon request. Part identification for this two-way traceability
shall include part serialization per 3.11.1. Where this two-way traceabil- .‘
ity defined above is not required to a particular semiconductor, lot
identification shall be provided as a minimm per 3.11.2.

Part Serialisation, Semiconductors when required shall be marked with an
individual serial number. The serial number shall consist of a three digit
number ranging from "O00" to "999" for each semlconductor part mumber.
Deviations to this range of serial numbers will be considered and approved
(by McDonnell) as justified. The serial numbers shall identify each semi-
conductor with the applicable recorded data and manufacturer's lot or lots,
No serial number shall be duplicated for semiconductors with the sams part
number, The serial number shall be printed on the semiconductor body (or as|
specified on the detail part drmd.ngg
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3.11.2

3.12

s o

*.1

lot Identification. Each semiconductor not requiring part serialisation
shall contain the manufacturer's lot identification number which shall
identify the semiconductor with the applicable recorded data for a parti-
cular group or lot of parts included under the identifying lot number.

A manufacturer's lot is defined as a quantity of parts produced in one week
or less, from a single production line using the same design, materials,
manufacturing processes and specifications » and presented to inspection
for tests at the same time.A McDonnell Voyager Flight Capsule lot shall be
the group of parts to be subjected to the acceptance inspection specified
in 4.3. The lot of parts purchased to this specification shall be from a
single manufacturer's lot except where deviations have been submitted and
approved,

Documentation and Data Submittal. The variables data listed under (a) and
b) below shall be submitted with the semiconductor. In the addition to th
paramster values, the punched card shall contain the individual semiconduc-
tor lot number or serial number, McDonnell part number, date, etc. Data
recorded regarding a rejected McDonnell lot shall be forwarded to the
McDonnell Company. A copy of all required data shall be kept on file by
the manufacturer for a period of at least five years from the date of
delivery of the components. At the completion of the test specified in
4.3.4 the component inspection report form per Figure 1 shall be completed
and submitted with each shipment of parts and data cards. Deta submittal
shall include the following:

(a) Variables data on each of the critical parameters specified at the
100% level for each semiconductor given the acceptance inspection per

4.3 g

(b) Variables data on all parameters specified in the applicable detail
part drawing taken during final electrical measurements (post burn-
in) final electrical inspection (Group A inspectim ).

(¢) Data on all parameters specified in the applicable detail part drawing
following the Group B environment test per 4.3.7.

RELIABILITY AND QUALITY ASSURANCE PROVISIONS

Gensral. Implementation of the quality assurance provisions specified
herein shall be in accordance with the applicable requirements of NPC 200-3.
The examination and testing of semiconductor devices shall be classified as
follows:

(a) Qualification Inspection
(b) Acceptance Inspection
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4.2

A.z.l

_’.A.B

REVISED:

Qualification Inspection, Qualification tests are those tests performed
on devices to verify conformance to all requirements of this specification.
Unless otherwise specified the total qualification test sample shall consist
of 60 specimens which have not been previously subjected to life testing.
The specimens shall be subjected to the 100% Process Preconditioning and
Screening, the group A and B tests and the failure rate life test of the
detail specification, as follows: All specimens shall be subjected to 100%
Process-Preconditioning and Screening, Group A tests and the Failure Rate
Life Test. For group B, testing the specimens shall be divided into three
groups of 20 specimens each. The first group shall be subjected to the
tests specified in Sub-group 1 and 2 of Group B; the second group shall be
subjected to the tests specified in sub-group 3 of Group B; the third group
a:all be subjected to the tests specified in the remaining sub-group of

oup B.

Post Qualification Test End Points - The end point tests specified in the
individual detail specification shall be performed after the intermittent

life test and after each Group B sub-group test where end points are
specified. Fallure of one device in one or more tests of a given sub-group
will be charged as a single failure. Failures in excess of those allowed
for each group shall constitute qualification failure. Devices subjected
to qualification inspection may be shipped except for destructive tests
which include solderability,soldering heat, moisture resistance, terminal
strength, salt atmosphere and salt spray. Compliance with these require-
ments qualifies the manufacturer for the following 12 month period

provided design changes are not made during this time.

Acceptance Inspection. Acceptance Inspection. Acceptance inspection con- L‘

sists of the following inspections:

(a) Dimensional

(b) Visual

(c) 100% Process-Preconditioning and Screening (Burn-in)
(d) Group A Electrical

(e) X-ray (diodes and transistors); Color (Micro-Photographs (Integrated
Circuit -~ see 4.3.7)

(f) Group B Environmental

Electrical msasurement methods shall conform to the applicable requirements
of MIL-STD-750. The McDonnell Outside Production wality Assurance Depart-
ment shall be notified at least one week in advance of the scheduled date
for performing acceptance inspection on semiconductors purchased to this
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L.3

4.3.1

h.3.2

l‘-3a3

*.h.3.3.l

REVISED:

‘0030302

4.3.3.3

L.3.3.4

Acceptance Inspection (Coptinued)

specification. Lots which are rejectable via sampling inspection may be
screened 100 percent for the failing characteristics and may then be
resubmitted one time to inspection. In addition, McDonnell reserves the
right to sample test each 100 percent inspection requirement for each lot td
a 2 percent LTPD level and reject any lot that does not meet the require-
ment. The 100 percent process—preconditioning and screening tests in
4.3.3 are not required to be repeated when they are already included in the
manufacturers normal production processing.

Dimensional Inspection, Dimensional inspecticn shall be performed on the
semiconductors at an LTPD of 15 percent as specified (Ref. Table I for
minimm requirements).

Visual Inspection. Visual inspection shall be performed at a 100 percent
level as specified in the detail part drawing and specification 207-780011
as applicable. Semiconductors not meeting the visual inspection criteria
shall be rejected. Integrated circuits shall be micro-photographed in
color, per 4.3.7.

Process-Preconditio Scree . The semiconductors in the lot
shall be subjected to the following tests, The test methods employed shall
be in accordance with MIL-STD-750. The environmental tests shall be per-
formed prior to the burn-in inspection of 4.3.3.7. Test 4.3.3.1 thru
4.3.5 shall be performed in the following sequence.

High Temperature Storage. The semiconductors shall be subjected to a high 1‘.

temperature storage per MIL-STD-750, Method 1031.1 at a temperature of
200°C minimum,

Temperature Cycling. The semiconductors in the lot shall be temperature
cycled in accordance with MIL-STD-750, Method 1051.1 (MIL-STD-202, Mesthod
107B, Test Condition C),

Constant Acceleration. The semiconductor shall be subjected to constant
acceleration in accordance with MIL-STD-750, Method 2006. A minimum centrid
fugal acceleration of 20,000g's shall be applied, with the semiconductor so
oriented that the acceleration vector is in the Yl axis direction (or that
axis which will most likely produce mechanical bonded interconnection
failure).

Hermetic Seal Tests
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I‘.3o3cuul
h.3.3.4,2

uo3o3o)“03

k.3.3.5

Gross Leaks. FEach semiconductor shall be tested in accordance with
MIL-STD-E?, Method 112, Test Condition A. Any indication of air
escapement from within the semiconductor case shall be cause for device
rejection.

Fine Leak. Each semiconductor and metal cased diode shall be tested in
accordance with MIL-STD-202, Method 112, Test Condition C, Progedure
IIIA or IIIB. Semiconductors with leak rates in excess of 10-° atm-cc
per second shall be rejected.

Glass Diode Seal Test. Each glass cased diode shall be subject to an
hydraulic pressure of 100 p8ig in a solution of isopropyl alcohol with
coloring dye for two hours. Following pressurization, rinsing, and
drying, each diode shall receive a reverse current test and an
operating vibration test (see 4.3.3.5). The time interval between
pressurization test completion and start of the electrical tests shall
be at least two hours, but not to exceed eight hours. Diodes exhibiting
reverse leakage in excess of the limits specified in the detail part
drawing, ionic contamination (indicated by mobile hysteresis progressing
in the high current direction) or dye penetration shall be rejected,

Qera.ting - Vibration Test. wWhere specified, each semiconductor shall be
subjected to a simple harmonic vibration having & minimum of 0.l inch
double amplitude displacement at a frequency of 60 + 2 cps for a minimum
period of 30 seconds. During vibration continuousl? monitor the reverse
characteristic, swept at 60 cps, to the inverse current or voltage speci-
fied. Devices displaying flutter, drift, dynamic instabilities or shift
in trace shall be rejected.

s

APPRO

L.3.3.6 Pre-Burn-In Electrical Measurements. Each semiconductor in the Voyager
Flight Capsule lot shall be subjected to electrical measurements of the
critical parameters (100% level) specified in the applicable detail
part drawing. All variable data shall be recorded.

L.3.3.7 . Burn-In Operational Life Test. Each semiconductor shall be subjected
to a burn-in (operational 1ife test) at the electrical level and tempera-
ture for 168 hours as specified in the detail part drawing.

4.3.3.8 Post Burn-In Electrical Measurements. Same as pre-burn electrical
measurements except that limits including delta or parameter incremental
changes shall be as specified in the detail part drawing.
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4,3.k4

4.3.5

4.3.7

4.3.8

bk

5.1

4.3.6

Gro? A Electrical Inspection. Group A electrical inspection shall be
performed by lot sample as specified in the Group A inspection, Table
II of the applicable detail part draving. The minimum sample size to
assure a Lot Tolerance Percent Defective (LTPD) specified with 90%
confidence for various failure acceptance numbers (a) 1s shown in
Table I of this specification. The rejection number (r), equals a + 1.
The acceptance sample size required to assure the specified LTPD shall
be selected from Table I of this specification by the manufacturer.

Final Visual Inspection. Minal visual inspection shall be performed at .
a 100 percent level, Only those semiconductors which meet the visual
inspection criteria specified shall be shipped.

X-ray Examination. Unless otherwise specified in the deteil part speci-
ication, each transistor and diode not permitting internal visual

inspection shall be photographed using an X-ray machine of sufficient
povwer to show the internal construction. Integrated circuits shall be
micro photographed per L4.3.7. Sufficient definition is achieved when
free particles of solder or other foreign matter one mil in diameter can
be determined. A series of x-ray photographs shall be taken perpendicu-
lar to the longitudinal axis (in two mutually perpendicular planes).

The x-ray photographs shall be identified to assure traceability to the
individual semiconductor when part serialization is required. Acceptance
criteria shall be in accordance with McDonnell 207-780011.

Photographic Records. Each integrated circuit shall be photographed at
magnification, in color, Just prior to final seal. Photographs

shall be identified with device part number and serial number and deliv- L‘

ered with the devices. Photographs shall have sufficient resolution to
show scratches in the conductor paths » particle inclusions, etc.

Group B Environmental Inspection. Semiconductor parts from the same lot
to be shipped per this specification shall be sample tested as specified
in the Table III Group B Inspection of the applicable detail part
drawing.

Failure Accountability. A complete accounting of failures and modes
(i.e., human error, instrumentation, parametric » or catastrophic) shall
be submitted to McDonnell on all accountable and unaccountable failures
occurring during acceptance inspection.

PREPARATION FOR DELIVERY

clearly marked as to semiconductor types, serial number and lot number.
Package design shall be subject to McDonnell approval prior to usage by
the manufacturer.

JUNE

Unit Packa%ging. The semiconductors shall be individually packaged to
protect the case and leads during shipment. Each unit package shall be
o
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5.2

5.3

5.4

5.5

*6.

REVISED:

PackE_ging of Shipping Containers. The unit packages shall be packed
in the shipping containers in a manner to provide maximum protection
from sbock and vibration during transit; and in the order of ascending
serial number or groups of serial numbers, to facilitate and minimize
handling subsequent to delivery.

Marking of Shipping Containers. Each shipping container shall be marked

with the manufacturer’'s name, part designation number, date code and lot
number.

Shiming[Data Documentation. The certificate of compliance and the data
required in 3.12, 4.3 and 4.4 shall accompany each shipment of parts.
The IBM cards shall be punched and interpreted, and packed in numerical
sequence in suitable boxes, labeled as to component type, lot number and
serial number range. The data cards for rejected parts shall be segre-
gated from the cards for accepted parts and all cards submitted with the
lot. Por integrated circuits the photographs required in Paragraph
4.3.7 shall also accompany the shipment.

Process Flow Chart Documentation. The vendor shall submit to McDonnell
for acceptance a flow chart showing the entire processing from incoming
materials to final shipment. All processes and inspection points shall
be identified by the applicable internal specification numbers to include
revision and date. The disposition of this documentation shall also be
indicated. Subsequent to McDonnell acceptance, changes must be
reported to McDonnell before shipment of parts.

NOTES, Not applicable.
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Lot Number

Specification

Part Number

P. 0. Number

Manufacturer

Date Received

Lot Size

Sample Size

Quantity Accepted

Date Completed

Quantity Rejected

Lot Disposition

Date Code Part Description
Lot S/N Range Sample S/N Range
Tests No. Rejects No. No. Insp.
Performed Initial Date| Rejects Date Rejects Date Stamp
Meas, 2nd Meas. 3rd Meas.
1l Initial visua
2
6
8
9 [ Final Visual
Serial Numbers of Rejected Parts
Test 1 | Test 2 | Test 3 |Test 4 | Test 5 | Test 6 | Test 7 | Test 8 | Test 9
Remarks:
Quality Assurance Manager
Figure 1. Sample Component Inspection Report Form
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TAELE I

Minimum Sample Size to be Tested to Assure an LTPD for Small Lot Quantities

Maximum

15 10 5 1
LTPD
Ac;epta.:ce Minimum Sample Size
0 17 22 hs 231
1 28 38 7 3%
2 38 52 105 533
3 49 65 132 668
N 58 78 159 798
N 5 68 o1 184 927
6 7 104 210 1054
7 871 116 234 178
8 95 128 258 1300
9 104 140 282 121
10 13 152 307 154
[ ]
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x =1 STRENGTH
Xx = £.03 GR ENGR INTEGRATED CIRCUIT
Xxx = +.010 APPD ) FLIP FLOP, RST
FINISH SPEC P R SIZE
R
CONTRACT NO. TOMER .
SCALE | |SHEET 1 OF 15
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VENDOR SYMBOL ADJACENT
TO PIN |
- 2502010
.012 REF.
' - .020 7
( I‘(NOTE y[ -0172.002 (TYP)
1‘{23 10 f———
2 9 ):::::: R
3 8 p—— .250-.005
.050% 005 4 7 p—
(NOTE 2) 5 \ ——
rotoro e L seriaL NoO.
2 0-0l0 PART NO.
7402.010
.006 MAX
> V ‘ I 004 MIN
.065 MAX:
032 MAX
.010 MIN
Notes:
1. Lead spacing dimensions apply in this area only.
2. Tolerances are noncumulative.
3. Pin numbers for reference only and do not appear on part.
o
REV| MODEL |voL[AssY
praw APPRD INTEGRATED CIRCUIT No.
§ CHECcK APPRO FLIP FLOP, BT DRAWING NO. [SHEE
E APPRD APPRD McsrpLoowonEL.' 207-780007 Zj

MAC 1202A (REV 4 AUG 61) ’
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Xc(
é4K§4K %ZK %ZKé4K§4K z

70 UUH 70 UUF
\

ITd
14} LY

SC. 100 10K ‘é 0K 10K - Re
® c

VBB r‘_

SCHEMATIC DIAGRAM

REV| MODEL |VOL[ASSY
[DRAWN APPRD INTEGRATED CIRCUIT "I ¥e.
 —— PPRD FLIP FLOP, RST
DRAWING NO. |SHEET]
APPRD APPRD McsﬂgsNMONE".' 207-780007 3
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REVISED:

S 0 Clocked Set-Reset Direct Set-Reset
D—14 8f—
Sc N SC RC Q SD RD Q
Rc—2
Rp—7 3 Q 0 ? ofo]| A\
[} 0 1 1 0 1 1
1 0 0 1 0 0
C vl N [0 0] No
Logic Diagram Change Change
Truth Table
Positive Logic Definitions: High Voltage = 1
Low Voltage =0
A Both Q and Q in 1 state until
either SD or RD rises
Clocked set-reset Q is the logic state after
the first negative going edge of the clock pulse
ﬁ at pin 10 with initial conditions before clock 1‘
pulse at SC and RC as shown.
Table |, Maximum Raflngs_(25°C)
Characteristic Min. | Max. | Unit
Input Voltage (Pins 2, 3, 4, 7, 8, 9, 10) 0 + 8 v
Output Voltage (Pins 3, 8) 0 + 8 v
Vce (Pin 6) 0 +8.2 Vv
Vbb (Pin 5) 0 - 8 Vv
Input Current (Pins 2, 3,4, 7,8,9,10) |-30 | +30 | MA
Output Current (Pins 3, 8) =100 | +100 l(\,AA
Operating Temperature - 55 | +125 oC
Storage Temperature - 65 | +175 C
Power Dissipation — 150 | MW
Rev] moDEL [voL[assy
[orawN APPRD INTEGRATED CIRCUIT NO.
CHECK APPRD FLIP FLOP, RST
DRAWING NO. [SHEE
APPRD APPRD McSTDLOoUISNM °~E"" 207-780007 4
MAC 1202A (REV 4 AUG 61) ’ CODE IDENT NO. 7630]
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REVISED:

Notes:
1. General
1.1 These parts shall be specified, procured and used under the McDonnell
| approved part number 207-780007 (ony vendor part number is for reference
only).

1.2 These parts shall meet all requirements of McDonnell drawing 207-78003
except as noted herein.

1.3  All tests and measurements shall be performed at a temperature of 25 +2°C
unless otherwise specified.

1.4 All symbols and abbreviations shall be as defined in MIL-5-19500.

1.5 All voltage and capacitance measurements are referenced to ground unless
noted. Positive current flow is defined as into the pin referenced. Pins
not specifically referenced are left open.

2, Requirements
2.1 Electrical
*L 2.1.1 Performance characteristics shall be as specified in Table Il
(Group A) and Table IV (Group B) inspections.
2.1.2 The maximum electrical ratings shall be as specified in Table |
when operated at an ambient temperature of 25°C.
2.2 Mechanical
2.2.1 Each device shall be of the design, construction and physical dimen-
sions specified herein.
2.2.2 leads shall be in accordance with MIL-STD-1276, Type K.
2.2.3 Devices shall be monolythic, planar passivated construction.
2.3 Environmental
2.3.1 Devices shall meet the end point test limits of Group B, Subgroup 2
before and after the sterilization heat test (6 cycles) per paragraph
3.7.1.1 of 207-780003.

REV MODEL |VOL|ASSY
[PRAWN APPRD INTEGRATED CIRCUIT NO.
ICHE CK APPRD FLIP FLOP, RST
DRAWING NO. SHEE
APPRD APPRD Mcsrpl.oouleNELL 207-780007 5
MAC 12024 (REV 4 AUG 61) ’ CODE IDENT NO. 76301
APPENDIX A
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REVISED:

\ 4

2.3

2.4

2.5

2.6

Environmental (Continued)

2.3.2 Devices shall meet the end point test limits of Group B, Subgroup 2
before and after the ethylene oxide decontamination test (6 cycles)
per paragraph 3.7.1.2 of 207-780003.

Failure Rate

2.4.1 The qualification approval devices shall demonstrate a maximum
failure rate of 1.0 percent per 1,000 hours at 90 percent confidence
level. Failures are defined as devices which do not meet the Table Il|
(Group A) inspection requirements. During the life test, the devices

shall be operated ot T, =25 i:2°C, dynamic operation at IOOKHz in

the circuit described :: test circuit Figure 3.

Marking

2.5.1 Each device shall be permanently and legibly marked per McDonnell
specification 207-780003, paragraph 3.10 with the following:

- Manufacturer's name or symbol

~ Serial number in accordance with McDonnell specification

207-780003, paragraph 3.11 *

- McDonnell part number.

Quality Assurance

2.6.1 Qualification inspection shall consist of the examinations and tests
specified in Tables II, 1l and IV in addition to the failure rate
inspection of paragraph 2.4.

2.6.2 Acceptance inspection shall consist of the examinations and tests
of Table Il 100 percent process preconditioning and screening and

Table Il (Group A) inspections.

REV MODEL |vOL | ASSY
|PRAWN APPRD INTEGRATED CIRCUIT NO.
HEcK PPRD FLIP FLOP, RST
DRAWING NO, SHEET]
MCDONNELL 207-780007 | 6
MAC 1202A (REV 4 AUG 61) ’ CODE 'DENT NO. 7630]
APPENDIX A
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REVISED:
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2.6 Quality Assurance (Continued)

2.6.3 Each device shall be photographed at 100X magnification, in color,

just prior to final seal. Photographs shall be identified with device

part number and serial number and delivered with the devices.

Photographs shall have sufficient resolution to show scratches in

conductor path, particle inclusions, etc.

2.7 Preparation for Delivery

2.7.1 Devices shall be prepared for delivery in accordance with McDonnell
specification 207-780003, paragraph 5.
[oram APPRD INTEGRATED CIRCUIT Al Hl Ml
CHE CK APPRD FLIP FLOP, RST
DRAWING NO. [SHEE
APPRD APPRD M‘Eﬂoomx(JNE‘"' 207-780007 7

MAC 1202A (REV 4 AUG 61)
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CODE IDENT NO. 76301

MAC 1202A (REV 4 AuG 61)
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CODE IDENT NO. 76301

MAC 1202A (REV 4 AUG 61)
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REVISED:

\ 4

(v

a)
b)

e)
f)

4.0V Input Pulse A: "I [_‘ 100nS + 10%
7 6% 4? 3.0V e :
3
O Unit
90—{ Under Test | o2 ov 10%
lO%
I ! 5i L 500nS £ 10% -
nput
Pulse
-2.0V Input Pulse B: 20nS + 10%
- 4.0v 7
90% f=100KC £ 10%
ov 10%
L., 208 £ 10%

CLOCKED MODE SWITCHING LEVEL

Procedure:

Set Vg=1.0 Vdc; V2=4.0 Vdc; momentary contact, V7 to ground.

Apply one input pulse to Pin 10.

The device shall be rejected if it does not change state when the single input pulse is
applied.

Set Vg=4.0 Vdc; Vo=1.0 Vdc; momentary contact, V4 to ground.

Apply one input pulse to Pin 10.

The device shall be rejected if it does not change state when the single input pulse is
applied.

CLOCKED MODE HOLDING LEVEL

¢

a) Apply input pulses.
b) Set Vo=3.4V, Vg=4.0V.
c) Momentary contact, Pin 4 to Pin 1, Vg shall be high (> 3.5V).
d) The part shall be rejected if Vg does not remain high when Pin 4 is open.
e) Set V=4.0V, Vg=3.4V.
f) Momentary contact, Pin 7 to Pin 1, Vg shall be low ( < 0.5V).
g) The part shall be rejected if Vg does not remain low when Pin 7 is open.
FIGURE 1
REV| MODEL |vOL[AssY
[ORAWN APPRO INTEGRATED CIRCUIT NO.
ICHE CK APPRD FLIP FLOP, RST
DRAWING NO. |SHEE
APPRD APPRD MCDONNELL 207-780007 | 12
MAC 1202A (REV 4 AUG 61) ’ CODE IDENT NO. 76301
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REVISED:

220 £ 5%

Output
15pf
0%\ 0% ¥
Input
Pulse 1.5V 1.5V 3.0V £ 5%
10% 10%
20m15%-—-| L—-20ns=h5%
100nS + 10%
* 1.5V
Output t on I
Pulse
-} Off ——-’i
1.5V

Note:
C_ includes jig and probe capacitance

SWITCHING TIME TEST CIRCUIT

FIGURE 2
REY MODEL [VvOL|ASSY
[PRAWN APPRD INTEGRATED CIRCUIT No.
— APPRD FLIP FLOP, RST
DRAWING NO. SHEE
APPRD APPRD McsﬁgSNmNEL" 207-780007 13
MAC 12024A {REV 4 AUG 61} ’ CODE IDENT No. 7630]
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T4VDC
4U—L§|K le §IK IK IK
f=1I00KC
INPUTI
P~
T Q © 0 I Q o Q I Q
09 8 7 6 09 8 7 6 09 8 7 6
C SC Q Rp vq :
P UNIT UNIT UNIT
UNDER UNDER UNDER
TEST TEST TEST
GND RC Q Sp VB8
1 2 4 5 | 2 3 4 5 | 2 3 4 8§
o o $ tD)lJ> J'ﬁ&lﬁ
L
DYNAMIC OPERATING CIRCUIT -2VDC
(POWER SURN IN AND OPERATING LIFE)
FIGURE 3
[prRAwN APPFD INTEGRATED CIRCUIT REV] MOPEL pvoLIAsY
S keneck . FLIP FLOP, RST
‘£ DRAWING NO. SHEE T]
@ |arpro APPRE Mcsﬂ gﬁgsl.l. 207-780007 14
MAC 12024 tRFY 4 AUG 61) ’ CODE lDENT NO- 76301
APPENDIX A

29



REVISED:

4

sources of supply:

source of supply.

Signetics Corporation (18324)
Sunnyvale, California

Part No. SE124G

Parts shall be procured directly from the manufacturers listed under the following approved

The above listed vendors and designations are the only items and sources for parts specified
herein approved for procurement and/or use on McDonnell products. Vendors of competitive

articles may apply to the McDonnell Standards Engineering Department for approval as a

REV MODEL [VOL | ASSY
foRAwN APPRD INTEGRATED CIRCUIT NO.
kemeck APPRD FLIP FLOP, RST

DRAWING NO. .HEET
APPRO APPRD M ‘fﬂoowxgvsl"' 207-780007 15

MAC 1202A (REV 4 AUG 61)
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